This research work is focused on the design and fabrication of Novel OvenFurnace, using locally sourced materials for the purpose of carrying out drying and thermochemical treatments in accordance to the International Electric Equipment (IEE) regulations. Working drawings were produced, and mild steel sheet was used for the construction of the casing, while other materials for the construction were selected based on functions and properties of the materials, cost considerations and ease of fabrication into component parts. The design closely revealed the parameters and features of the furnace, but the control system was designed to function systematically as Oven and Furnace. Testing was carried out to evaluate the performance of the Oven-Furnace. From the result obtained, it was observed that the Oven-Furnace has fast heating rate which is comparable to rates of conventional brands of furnaces purchased from Germany or Canada. Unlike the ordinary furnaces, this equipment was designed to operate systematically to maintain constant temperature at any set temperature value. The lower cost of design of the Oven-Furnace coupled with its good heat retaining capacity, long estimated life time, uniform heating rate, controlled atmosphere, safety and ease of maintenance justifies the usage.
Introduction
Oven and Furnace are different equipment, basically in rated power and temperature, which necessitate their usage at temperatures above room temperature.
They both have heating chamber that can be of different sizes depending on the
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type of work to be done. It is an enclosure lagged with refractory and other insulating materials for the purpose of heat conservation in the chamber and prevention of heat loss to the surroundings. The chamber contains the charge and retains heat that should be measurable as well as controlled [1] .
Ovens are low temperature built equipment design to operate within a maximum temperature of about 250˚C and with a tolerance of ±2˚C. It was experimented and established as a fact that its operation should be effective enough to carry out drying process of any material at this low temperature without changing the structure and chemical composition of the material. Drying which is a process of removing the moisture content of a substance is carried out at low temperature values, though the equipment that is used for the process in most cases maintain the set temperature at a constant value (isothermal) for a period of time depending on the type of material and the extent of drying.
On the other hand, furnaces are high temperature built equipment (having a very high tolerance at low temperature), that is furnace cannot be operated to maintain a constant temperature at low temperature values even at 500˚C. So, furnaces are not used for drying but for heating [2] . Therefore, numerous processes usually rely on the utilization of furnaces to heat and cool the material after some predefined thermal routine cycle [3] [4] [5] .
Heating process is carried out to alter the surface chemistry of the material towards a desired purpose. In most cases, these structures are not achieved without maintaining the heating process at a constant temperature for a period of time, for example carburization process of metals. It is however worrisome that oven and furnace are not used by most of our small and medium scale metallurgical factories and most universities/research institute because of the cost of procurement from overseas and the cost of maintaining the few available ones.
Thus, the numerous advantages derivable from them are not being harnessed as a result of the cost factor [6] .
The Oven-Furnace on the other hand is a much more reliable to utilize because of its versatility, high performance yield, combining the functions of oven and furnace. The Oven-Furnace can be utilized for drying and for conventional heat treatment process such as; carburizing, nitriding and cyaniding [7] . For instance, the equipment will perform excellently for production of nano filters which involves drying and about two stages of heating, at 105˚C before heating at 500˚C and 850˚C because of its ability to maintain constant temperature at any set temperature value. It is equally useful for preheating, isothermal quenching, austempering etc. Apart from its versatile process usefulness, it also has the advantage of giving uniform heating of the material and controlled atmosphere [8] . These advantages make the use of Oven-Furnace an indispensable facility in drying and heat treatment operations. The huge advantages of the Oven-Furnace make it alluring for an attempt to be made to design the equipment using locally sourced materials. This research work is an attempt to produce a low cost functional and efficient electric fired Oven-Furnace with little
skill of maintenance that is in accordance to International Electric Equipment (IEE) Regulations [9] , which includes basic standard parameters for the design and construction of oven and furnace such as, the safety/control system, the electrotechnicals, the insulating system and the casing fabrication.
Aim
The aim of the work is to develop a systematic Oven-Furnace as a unit capable of drying and heating synthesized materials (such as silica), heat treating ferrous, non-ferrous and production of nano filters.
Motivation
The main motivation for the work is to be able to carry out production of certain materials such as nano filters in a single equipment, which is not possible with either oven or furnace but both. And the fact that constant temperature with low tolerance is not achievable at low temperatures especially with the use of furnace.
Material Selection and Methodology

Materials
Mild steel sheet was used for the construction of the Oven-Furnace casing while other materials for the construction were based on function and properties of the materials, cost consideration and ease of fabrication into component parts.
The materials that were utilized for the construction of the Oven-Furnace are; 2 mm thick mild steel sheet, 25.4 mm by 50.8 mm rectangular pipe, 10 mm thick steel rod, refractory cement, silica sand, sodium silicate (binder), CO 2 gas, plywood, wood, nails, fibre glass, paint, insulating tape, body filler, adhesive, plug, switch, wire, contactor, thermocouple, temperature controller. Tools: Marking out tools (pencils, marker, scribers, dividers), measuring tools (steel rule, tri square, vener calliper), harmer, hand file, anvil, bending machine, power hacksaw, welding machine, angle grinder, digital multi-meter, optical pyrometer.
Materials Selection 1) Steel sheet
The steel sheet selected is mild steel. It was selected for the fabrication of the Oven-Furnace casing ahead of Aluminium and stainless steel because of its light weight, excellent formability, availability, and low cost.
2) Oven-furnace lining materials
Refractory cement and silica sand were selected alongside with sodium silicate which is a good binder when mixed in a good proportion as lining material for the Oven-Furnace ahead of silica brick because of its easy casting and baking, low cost, high refractoriness and very low thermal conductivity. Other components and parts selected for the design were influenced by cost, availability, efficiency and reliability.
Design Design Principles
The principles contained in this work are based on the logical necessity of furnace parameters as recommended by the IEE regulations (British Standard BS 7671) [10] . It is aimed at meeting the desired standard as expected for an electrical heated furnace. The Oven-Furnace consists essentially of a container made of metal. It comprises both the internal and external casing. The internal casing serves as support for the refractory box. It must be rigidly constructed to accommodate the weight of the bricks, while the external casing houses the entire furnace system, with the charging door and control panel box containing the electrotechnicals attached to it. With the external casing, the temperature around the walls of the casing falls so that one can freely touch the body without being exposed to danger of high temperature or burning, dimensions of these parts mention are stated in the discursion below. The mode of heat transfer to the work piece is by convection. The design philosophy was to fabricate an Oven-Furnace that will work efficiently at an affordable cost of production. Thus the following design considerations were taken. Power consumption (electric) require to operate the equipment should be at a minimum. Experimental test observation showed that an average of 17.0 litres of fuel (Diesel) was consumed by a 100 kva generator in 60 minutes. This gives an estimated 17.0 litres/hr consumption rate.
The component parts such as circuit breaker, contactor, heating element, thermocouple etc should be easily replaceable in case of damage or failure; and.
The design should be simple for easy construction, operation, maintenance, and safety of operator must be guaranteed.
Constructing the Oven-Furnace
Construction of the Casing
Flat sheet of mild steel of 2 mm thickness was selected for its ductility, strength and toughness that support its formability. 50.8 mm by 50.8 mm angle iron and 25.4 mm by 50.8 mm rectangular pipe were also selected. Procedure: 50.8 mm by 50.8 mm angle iron and 25.4 mm by 50.8 mm rectangular pipe cut to size were first joined by welding machine to form framework to which the external casing will rest and the floor to which the refractory bricks will sit. For the external casing, measuring tools were used to measure two of 625 mm by 500 mm plates for the sides of the Oven-Furnace. Another two of 520 mm by 500 mm were also cut, using cutting disc for the top and base parts of the casing. Also two 500 mm by 495 mm sheet were cut and used for the back and front covering of the casing. The edges of the sheets were welded to the frame using welding machine. A 10 mm hole was made on top of the cover through the internal casing using hand drilling machine with10 mm drilling bit for the exit of gases from the Oven-Furnace.
Construction of the Charging Door
The construction of the charging door was designed to open and close sideways
direction. The essence of the design is to reduce the charging and unloading time so that heat lost during its operation is reduced. Two holes were drilled on it for bolts and nuts to hold the refractory brick.
Materials: Mild steel sheet of 3 mm thickness Tools and equipment used; Marking out tools, measuring tools, welding machine, carbon electrodes, hand files, anvil.
Procedure: Measuring tools were used to mark out two of 300 mm by 290 mm and cutting disc was used to cut the sheet to dimension. The charging door is a double wall sandwich with fibre glass to prevent the door from direct heating from the refractory attached to it.
Construction of the Control Panel Box
The 2 mm mild steel sheet used was marked out, cut, folded and welded to form a box with dimension (455 by 400 by 110) mm but open at the top. The two sides were perforated to allow ventilation because of the electronic components it housed. The positions for the temperature controller, main switch, micro switch, circuit breaker, ceramic connector and hole for the passage of connecting cables were measure out and cut using chisel and hand drilling machine. The contactor was fixed inside the box with the help of bolt and nut. The control panel was positioned at the lower part of the casing with the help of angle iron for easy fixing and removal.
Lining of the Oven-Furnace
The lining of the Oven-Furnace was carried out in three stages which are: Mixing: This involved mixing of dry silica sand and refractory cement in a ratio of 2:1 with sodium silicate (binder) in a predetermined proportion. The mixing was carried out manually.
Casting: The resultant mix was poured into a wooden mould that has eight number of 10 mm iron rods that runs through the length of the mould for the side refractories. After pouring, it was properly rammed with stick and gassed with CO 2 to allow easy and fast setting, more so, to prevent cracks when the iron rods and wooden mould are removed. The removal of these rods created holes for the housing of the heating element thereby shielding the work-piece from direct heat.
Drying and baking: This require the refractory to dry in air for two weeks. After air drying, the refractory was gradually dry in a kiln at a range between 100˚C and 300˚C for two hours in seven days in order to remove the moisture content of the refractory and hence improve the strength of the refractory lining. The dried refractories were also placed in a kiln and baked at a temperature of 1500˚C for one hour in five days. The refractories at the door and at the back were also cast in the same way but are without holes as they do not house the heating element.
Assembling
After the completion of the fabrication processes, that is the casing which com-
prises the metal frame, outer casing, the inner casing, the charging door and the control panel box as shown in Figure 3 . The parts of the steel sheet utilized for the design were seam-welded to give good finishing. The spraying of the casing was done on highly prepared surface, and an auto base paint was used to prevent the casing from corrosion and to give aesthetic finish.
It also involved the following:
Position of the Oven-Furnace casing, setting the refractory bricks housing the heating elements and sealing the openings at the edges where the refractories meet with refractory materials so that the chamber will be airtight and aid the Oven-Furnace atmospheric control (the picture of the arrangement of the refractory bricks after baking is shown in Figure 1 ), the refractory covering the back and the refractory at the charging door, fixing the gap between the refractory lining and the inner casing with fibre glass to prevent heat loss to the surrounding, the arrangement was air tight thereby giving the Oven-Furnace a good heat retaining capacity and controlled atmosphere, fixing the thermocouple inside the Oven-Furnace through the outer casing, inner casing and the refractory at the back such that it is not in proximity to the refractory housing the heating element preventing direct heating but uniform heating rate and finally introduction of control panel box (earth) containing the electrotechnicals through angle iron for easy fixing and removal at the lower part of the body, also for safety of personnel and components which are made up of thermosetting materials, and for ease of maintenance.
The Electrotechnicals
Main switch and micro switch While electrical parts are also joined and insulated with tape to prevent shocks or discontinuity in the circuit.
Testing
The Oven-Furnace after installation was first tested as oven when it was used to dry synthetic silica at a temperature of 200˚C. The tolerance at this low temperature value was ±2˚C. This is not achievable with ordinary furnace because it is high temperature built. It was further tested as furnace by setting the temperature at 1000˚C (tolerance of ±5˚C). Different values were taken at 100˚C interval. After test running, the equipment was calibrated using optical pyrometer.
The performance and working efficiency of the Oven-Furnace was evaluated by determining the heating rate and ability to maintain constant temperature.
Performance Evaluation
The performance of the Oven-Furnace was evaluated by using its functionality 
Functionality of the Oven-Furnace
1) Effectiveness of Temperature sensor
The thermocouple tip was positioned in the chamber through the outer casing and the refractory covering the chamber at the back. The refractory has no heating element in it. The thermocouple was not position to be in proximity to the refractories housing the heating element inside the chamber to prevent direct heating. So there is uniform temperature inside the chamber. The thermocouple direct signal (heat) to the temperature controller which is a digital type for easy and accurate reading; also there is regular temperature check using an external probe and optical pyrometer to calibrate the temperature controller reading thereby guaranteeing effective temperature reading ( Figure 4) .
2) Heating rate The heating rate of the Oven-Furnace was equally evaluated as it serves as a measure of the time taken to attain the desired temperature and the duration of the treatment. The Oven-Furnace was tested to 850˚C and a time of 60 minutes was taken to attain the temperature. This test was repeated for five consecutive times and the same average time of 60 minutes was taken to attain the temperature. Temperature readings as against the time of operation were recorded with an heating rate of 14.17˚C/min shown in the graph below. .This heating rate is quite high in comparison to 7.08˚C/min of the 30/60 capacity salt bath furnace designed in Germany by Degussa [11] . The furnace heats to a carburizing temperature of 850˚C in 120 minutes. Also imported muffle furnaces like that, which was designed by the Park Thermal Equipment Company in Canada, which takes averagely 150 minutes to heat up to a carburizing temperature of 870˚C that is a heating rate of 5.8˚C/min [8] . Thus the Oven-Furnace design can be said to be very efficient in service in comparison to existing furnaces of different makes within and outside the country. Equally critical in the performance evaluation is its sensitivity and ability to maintain a constant temperature during isothermal treatment. This was evaluated by studying temperature changes when the Oven-Furnace utilized for carburization treatment of the mild steel test samples at 870˚C. It was discovered that at the set temperature (870˚C), the Oven- 
Maintainability of the Oven-Furnace
The service life and efficiency of the equipment can be enhanced by simple maintenance, and by following safety measures which are outline in section 3.4.
An external probe (thermocouple connected to digital multimeter) is used at regular intervals, at least after 5 heats to calibrate and confirm the accuracy of the temperature readings of the temperature controller. it could be said to be reliable for use for thermochemical treatment of steel materials.
Carburizing Efficiency
Safety
The Oven-Furnace should always be positioned in a well ventilated area which reduces the risk of inhaling salt fumes such as cyanide fumes and it will also help to reduce the heat radiation from the equipment to its environment [13] . Thus any other operations can comfortably be carried out near the Oven-Furnace environs without the fear of heat radiation. Also the Oven-Furnace is non-flammable, has very low volatility and it does not pollute the environment. The temperature of the Oven-Furnace was accurately maintained since the thermocouple is well positioned in the Oven-Furnace heating chamber. More so, the temperature controller was well calibrated.
Aesthetics
The casing of the Oven-Furnace is fabricated using the necessary tools such as roller folding machine to ensure smooth surface. The parts of the steel sheets used for the design were seam welded to give good finishing. The spraying of the casing was done on a highly prepared surface using body filler and sand paper;
and an auto base paint was used to beautify and also to protect the casing from corrosion.
Operation Procedure
The operation procedures of the Oven-Furnace involve placing the material to be heated in the heating chamber after which the door should be closed. Thereafter switch on the main switch, the microswitch is operated by the lever attached to the charging door and complete the circuit when the charging door is closed. Then, bottons of the digital controller are pressed appropriately to set the controller to the desired heat treatment temperature. After attaining the set temperature and hold (when necessary) for a reasonable time, the equipment is switch off before removing the sample.
Possible Heat Treatment Application
The life time of furnace depends on how many heat treatment cycles the refrac-tory lining can withstand [13] , while its capacity in terms of temperature depends on the melting point of the heating element used. Based on the heating element (Nichrome wire melting point 1375˚C) and thermocouple (maximum temperature 1370˚C) used, the Oven-Furnace can be said to be 1300˚C capacity because it was taken to a temperature of 1250˚C while test running and calibrating with an optical pyrometer of 3000˚C capacity. Therefore the equipment is guaranteed to handle heat treatment up to 1200˚C. Considering some certain heat treatment operations and their relative process temperature, it will be possible to carry out any drying process and the following heat treatment processes;
production of some nano-materials like nano filters, production of ceramic thin films, annealing, normalizing, tempering, quenching, hardening processes, formation and deformation of polymers.
Conclusion
The design, construction and performance evaluation of electric powered OvenFurnace using locally available materials was carried out in this research work.
Though it was designed for controlled drying and heating of materials and metals within the temperature range of 0˚C to 1300˚C but can equally be adapted for use in other drying and heating operations of the same temperature range, such as production of materials. The result obtained during testing of the Oven-Furnace shows that the equipment has a heating rate of 14.17˚C/min which is comparable to the rates of conventional brands of muffle furnaces and oven which are imported. The lower cost of design of the Oven-Furnace coupled with its good heat retaining capacity, uniform heating rate, controlled atmosphere, safety, ease of operation and maintenance justifies the usage.
